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O ide is contacted with zeolite having an average pore size of 3.4 to 1 1 A and an Si/Al ratio of OBEfesfnc^^^J^n^g|^o^^ 
^ having an average pore size of 3.4 to 1 1 A. Thus, high-purity tetrafluoromethane can be obtained which is advantageous Wthd&gfrV 

and provides good profitability. 
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DESCRIPTION 

METHOD FOR PURIFICATION OF TETRAFLUOROME THANE 

AND USE THEREOF 

5 

Cross-Ref erence to Related Application 
This application is an application filed under 35 
U.S.C. § 111(a) claiming benefit pursuant to 35 U.S.C. § 
119(e)(1) of the filing date of the Provisional 
10 Application 60/230,704 filed July 9, 2000, pursuant to 35 

§ 111(b) . 

Technical Field 

The present invention relates a method for the 
purification of tetraf luoromethane (hereinafter it may be 
15 referred to as "FC-14" or "CF 4 ") and a use of the 
purified tetraf luoromethane. 
Background Art 

FC-14 is used as an etching gas or a cleaning gas 
in, for example, the manufacturing of semiconductor 
2 0 devices, therefore, a high-purity product thereof is 

demanded. 

For the production of FC-14, various methods have 
heretofore been proposed. Specifically the following 
methods, for example, are known: 
2 5 (1) a method of reacting dichlorodif luoromethane 

with hydrogen fluoride in the presence of a catalyst; 

(2) a method of reacting monochlorotrif luoromethane 
with hydrogen fluoride in the presence of a catalyst; 

(3) a method of reacting trif luoromethane with 
30 fluorine gas; 

(4) a method of reacting carbon with fluorine gas; 

and 

(5) a method of thermally decomposing tetraf luoro- 
ethylene . 

35 However, these methods for producing FC-14 have a 

problem in that intermediates of FC-14 or by-products 
produced by the reaction or impurities derived from raw 
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materials form an azeotropic mixture or an azeotrope-like 
mixture with the objective FC-14 and the separation 
thereof is extremely difficult. To cope with this, for 
example , a purification method for treating FC-14 
5 containing trif luoromethane (CHF 3 ), as an impurity, with 
zeolite or a carbonaceous adsorbent has been proposed 
(see, Japanese Patent No. 2,924,6 60). 
Disclosure of Invention 

Heretofore, however, an industrially advantageous 

10 method has not been known where FC-14 containing ethylene 
compounds, hydrocarbon compounds, carbon monoxide and/or 
carbon dioxide, as impurities, is purified and thereby 
high-purity FC-14 almost free of these impurities can be 
obtained with good profitability. 

15 The present invention has been made under these 

circumstances and the object of the present invention is 
to provide a purification method where FC-14 is contacted 
with an adsorbent to remove by adsorption those 
impurities and whereby high-purity FC-14 can be obtained 

2 0 in an industrially advantageous manner with good 

profitability . 

As a result of extensive investigations to solve the 
above-described problems, the present inventors have 
found that, in a process for producing high-purity FC-14, 

2 5 when FC-14 containing ethylene compounds, hydrocarbon 
compounds, carbon monoxide and/or carbon dioxide, as 
impurities, is contacted with an adsorbent comprising 
zeolite having a specific average pore size and a 
specific Si/Al ratio and/or a carbonaceous adsorbent 

30 (Molecular Sieving Carbon) having a specific average pore 

size, the impurities can be selectively adsorbed and 
removed and high-purity FC-14 almost free of impurities 
can be obtained. The present invention has been 
accomplished based on this finding. 

35 Thus, the present invention provides a method for 

the purification of tetraf luoromethane and use of the 
purified tetraf luoromethane , described in (1) to (15) 
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below. 

(1) A method for the purification of 
tetraf luoromethane, comprising contacting 

tetraf luoromethane containing one or more ethylene 
5 compounds, one or more hydrocarbon compounds, carbon 
monoxide and/or carbon dioxide, as impurities, with 
zeolite having an average pore size of 3.4 to 11 A and an 
Si/Al ratio of 1.5 or less and/or a carbonaceous 
adsorbent having an average pore size of 3.4 to 11 A to 
10 reduce the amount of the impurities. 

(2) The method as described in (1) above, wherein 
tetraf luoromethane containing the impurities is contacted 
with zeolite and/or the carbonaceous adsorbent in a 
liquid phase. 

15 (3) The method as described in (1) or (2) above, 

wherein zeolite is at least one selected from the group 
consisting of MS-4A, MS-5A, MS-10X and MS-13X. 

(4) The method as described in (1) or (2) above, 
wherein the carbonaceous adsorbent is Molecular Sieving 

20 Carbon 4A and/or Molecular Sieving Carbon 5A. 

(5) The method as described in any one of (1) to 
(4) above, wherein the one or more ethylene compounds are 
selected from the group consisting of ethylene, 

f luoroethylene, dif luoroethylene and tetraf luoroethylene . 
- 5 (6) The method as described in (5) above, wherein 

the one or more ethylene compounds are ethylene and/or 
tetraf luoroethylene. 

(7) The method as described in any one of (1) to 
(4) above, wherein the one or more hydrocarbon compounds 

10 are selected from the group consisting of methane, ethane 
and propane . 

(8) The method as described in (7) above, wherein 
the one or more hydrocarbon compounds are methane and/or 
ethane. 

5 (9) The method as described in any one of ( 1 ) to 

(8) above, wherein the total content of the one or more 
ethylene compounds, the one or more hydrocarbon 
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compounds, carbon monoxide and carbon dioxide contained 
in the tetraf luoromethane is reduced to 3 ppm or less. 

(10) The method as described in any one of (1) to 
(9) above, wherein the tetraf luoromethane containing one 

5 or more ethylene compounds, one or more hydrocarbon 
compounds, carbon monoxide and/or carbon dioxide as 
impurities is produced by a direct fluorination method of 
reacting trif luoromethane with fluorine gas, 

(11) The method as described in any one of (1) to 
10 (9) above, wherein the tetraf luoromethane containing one 

or more ethylene compounds, one or more hydrocarbon 
compounds, carbon monoxide and/or carbon dioxide as 
impurities is produced by a direct fluorination method of 
reacting carbon with fluorine gas. 
15 (12) A tetraf luoromethane product having a purity of 

99.9997 mass% or more, which is obtained by performing 
the purification according to the method as described in 
any one of (1) to (11) above. 

(13) An etching gas comprising the 

20 tetraf luoromethane product described in (12) above. 

(14) A cleaning gas comprising the 

tetraf luoromethane product described in (12) above. 

In summary, the present invention provides "a method 
for the purification of tetraf luoromethane , comprising 

25 contacting FC-14 containing one or more ethylene 

compounds, one or more hydrocarbon compounds, carbon 
monoxide and/or carbon dioxide, as impurities, with 
zeolite having an average pore size of 3.4 to 11 A and an 
Si/Al ratio of 1.5 or less and/or a carbonaceous 

30 adsorbent having an average pore size of 3.4 to 11 A to 
reduce the amount of the impurities", "a 
tetraf luoromethane product having a purity of 99.9997 
mass% or more, which is obtained by performing the 
purification according to the above-described method", 

35 and "an etching gas and a cleaning gas containing the 
above-described tetraf luoromethane product". 

Best Mode for Carrying Out the Invention 
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For producing FC-14, for example, a method of 
reacting trif luoromethane with fluorine gas, a method of 
reacting carbon with fluorine gas and a method of 
thermally decomposing tetraf luoroethylene are known, 
5 When these methods are used, FC-14 obtained contains one 
or more ethylene compounds, one or more hydrocarbon 
compounds, carbon monoxide and/or carbon dioxide, as 
impurities, due to impurities in the raw materials, for 
example, organic trace impurities, trace oxygen, trace 

10 water content or the like. 

The ethylene compounds contained may be one or more 
compounds selected from ethylene (CH 2 =CH 2 ), monof luoro- 
ethylene (CH 2 =CHF) , dif luoroethylene (CH 2 =CF 2 ) and 
tetraf luoroethylene (CF 2 =CF 2 ) . 

15 The hydrocarbon compounds contained may be one or 

more compounds selected from methane (CH 4 ), ethane (C 2 H 6 ) 
and propane (C 3 H Q ). 

The boiling points of the objective FC-14 and those 
impurities under atmospheric pressure are shown in Table 

20 1 below. 


Table 1 


Compound Name 

Chemical Formula 

Boiling Point (°C) 

Carbon monoxide 

CO 

-191.5 

Methane 

CH 4 

-161.5 

FC-14 

CF 4 

-128 

Ethylene 

CH 2 =CH 2 

-103.7 

Ethane 

CH3CH3 

-89 

Dif luoroethylene 

CH 2 =CF 2 

-83 

Carbon dioxide 

C0 2 

-78.5 

Tetraf luoroethylene 

CF 2 =CF 2 

-76.3 

Monof luoroethylene 

CH 2 =CHF 

-72 

Propane 

CH2CH2CH3 

-42.1 


These impurities are very difficult to separate by a 
distillation operation because the objective FC-14 forms 
25 an azeotrope-like mixture therewith or as seen from Table 
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1, the boiling points are approximated. To cope with 
this, in an ordinary distillation operation, the number 
of stages of the distillation tower is increased or the 
number of distillation towers is increased to reduce the 
5 impurities as much as possible, however, this is not 

profitable and, moreover, high-purity FC-14 almost free 
of these impurities can hardly be obtained. 

In the present invention, for selectively adsorbing 
and removing these impurities in FC-14, zeolite having an 

10 average pore size of 3.4 to 11 A and an Si/Al ratio of 
1.5 or less and/or a carbonaceous adsorbent (Molecular 
Sieving Carbon) having an average pore size of 3.4 to 11 
A is used as the adsorbent. For measuring the average 
pore size, a gas adsorption process using Ar gas may be 

15 used. 

Thus the adsorbent is ( 1 ) zeolite having an average 
pore size of 3.4 to 11 A and an Si/Al ratio of 1.5 or 
less, (2) a carbonaceous adsorbent having an average pore 
size of 3.4 to 11 A (Molecular Sieving Carbon) or (3) an 

2 0 adsorbent obtained by adding a carbonaceous adsorbent 
having an average pore size of 3.4 to 11 A to zeolite 
having an average pore size of 3.4 A to 11 A and an Si/Al 
ratio of 1.5 or less. The Si/Al ratio as used herein is 
an atomic ratio. 

25 Specific examples of the impurities in FC-14, which 

can be removed by using these adsorbents, may be 
unsaturated compounds such as ethylene, 
monof luoroethylene, dif luoroethylene and 
tetraf luoroethylene, hydrocarbon compounds such as 

30 methane, ethane and propane, and oxygen-containing 

compounds such as carbon monoxide and carbon dioxide. As 
the impurities, preferred are ethylene, 

tetraf luoroethylene, methane, ethane, carbon monoxide and 
carbon dioxide, and more preferred are ethylene and 
35 ethane. 

The difference in the molecular size between the 
objective FC-14 and these impurities is small, therefore, 
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selective adsorption and removal of the impurities in FC- 
14 can hardly be attained only by the difference in the 
molecular size. In the present invention , by taking 
account of polarity and pore size of the adsorbent, the 
5 following three kinds of adsorbents are used as an 

adsorbent which can selectively adsorb and remove the 
impurities . 

The first adsorbent is zeolite having an average 
pore size of 3.4 to 11 A and an Si/Al ratio of 1.5 or 

10 less. Specific examples thereof include MS-4A. MS-4A 

has an average pore size of about 3.5 A and an Si/Al 
ratio of 1.0. By performing an adsorption operation 
using this zeolite, the contents of ethylene, 
tetraf luoroethylene, methane, ethane, carbon monoxide and 

15 carbon dioxide as impurities can be reduced. Depending 
on the kind of zeolite, the impurity content can be 
reduced even to 5 ppm or less and thereby, high-purity 
FC-14 can be obtained. 

If zeolite having an average pore size of less than 

20 3.4 A, for example, a pore size of about 3.2 A is used, a 

reduction in the impurity content cannot be verified, 
even where the Si/Al ratio is 1.5 or less. 

Even when the Si/Al ratio is 1.5 or less, in the 
case of zeolite having an average pore size in excess of 

2 5 11 A, a reduction in the impurity content cannot be 

verified. 

Furthermore, even when the average pore size is from 
3.4 to 11 A, in the case of zeolite haying an Si/Al ratio 
in excess of 1.5, a reduction in the impurity content 

30 cannot be verified. 

The second adsorbent is a carbonaceous adsorbent 
(Molecular Sieving Carbon) having an average pore size of 
3.4 to 11 A. For example, a carbonaceous adsorbent 
having an average pore size of about 4 A, like the above- 

35 described zeolite, can reduce the impurity content to 5 
ppm or less and thereby, high-purity FC-14 can be 
obtained. 


WO 01/83412 PCT/JP01/03664 

- 8 - 

However, in the case of a carbonaceous adsorbent 
having an average pore size in excess of 11 A, reduction 
in the impurity content cannot be verified and, for 
example, in the case of activated carbon having an 
5 average pore size of about 35 A, which is commonly used 
and exhibits strong adsorption activity, almost no 
reduction of impurities can be verified. 

The third adsorbent is an adsorbent obtained by 
adding (mixing) a carbonaceous adsorbent (the second 

o 

10 adsorbent) having an average pore size of 3.4 to 11 A to 
zeolite (the first adsorbent) having an average pore size 
of 3.4 to 11 A and preferably having an Si/Al ratio of 
1.5 or less. Depending on the kind of this adsorbent, 
the impurity content can be reduced to even 3 ppm or less 

15 and thereby FC-14 having higher purity can be obtained. 

This is thought to occur because zeolite has an excellent 
function of adsorbing particularly carbon monoxide, 
carbon dioxide and the like, whereas the carbonaceous 
adsorbent has an excellent function of adsorbing 

20 particularly unsaturated compounds and the like, and when 

these two adsorbents are used in combination, an effect 
attributable to the combination use is brought out. 

The above-described zeolite and carbonaceous 
adsorbent can be used alone but two or more kinds of the 

25 adsorbents may also be used in combination at a desired 
proportion. In the case of the third adsorbent, the 
mixing ratio between zeolite and the carbonaceous 
adsorbent may be varied according to the concentration of 
impurities . 

30 The ethylene compounds, hydrocarbon compounds, 

carbon monoxide and/or carbon dioxide as impurities 
contained in FC-14 are not particularly limited on the 
concentration, however, the concentration is preferably 
0.1 mass% or less, more preferably 0.05 mass% or less. 

35 In the case where impurities other than those 

described above, for example, perf luorocompounds such as 
FC-116 (CF3CF3) and. FC-218 (C 3 F B ) are intermixed in the 
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objective FC-14, the perf luorocompounds can be separated 
and removed by performing a distillation operation either 
before or after the step of treatment with the above- 
described adsorbent. 
5 in the method for the purification of FC-14 

according to the present invention, the method of 
contacting FC-14 containing impurities with an adsorbent 
is not limited and, for example, FC-14 containing 
impurities may be contacted with the adsorbent in a 

10 gaseous phase, by gas-liquid contacting or in a liquid 

phase. Among these, the method of contacting FC-14 
containing impurities with the absorbent in a liquid 
phase is efficient and preferred. 

For contacting FC-14 containing impurities with the 

15 adsorbent in a liquid phase, a known method such as batch 

system or continuous system may be used, however, 
industrially, a method of providing, for example, two 
units of fixed bed-type absorption towers may generally 
be employed and when one unit reaches its saturated 

2 0 adsorption limit, the other unit is then used and the 

first unit is subjected to regeneration. 

At the time of contacting FC-14 containing 
impurities with an adsorbent, the treating temperature, 
the treated amount and the treating pressure are not 

2 5 particularly limited, however, the treating temperature 
is preferably low and suitably from -50°C to +50°C. The 
treating pressure may suffice if, in the case of a liquid 
phase, the liquid phase can be maintained and in the case 
of a gaseous phase, the treating pressure is not 

30 particularly limited; 

As described above, by using the purification method 
of the present invention, ethylene compounds, hydrocarbon 
compounds, carbon monoxide and/or carbon dioxide 
contained in FC-14 can be effectively adsorbed and 

35 removed and thereby high-purity FC-14 can be obtained. 

The purity of FC-14 obtained is 99.9997 mass% or more and 
for the analysis of FC-14 products having a purity of 
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99 ,9997 mass% or more, (1) gas chromatography (GC) using 
TCD method, FID method (each including the precut method) 
or ECD method, or (2) an analysis instrument such as gas 
chromatography mass spectrometer (GC-MS) may be used. 
5 The obtained high-purity FC-14 can be used as an 

etching gas at the etching step in a process of producing 
a semiconductor device. Furthermore, the high-purity FC- 
14 can be used as a cleaning gas at a cleaning step in a 
process of producing a semiconductor device. In a 

10 production process of a semiconductor device such as LSI 
and TFT, a thin or thick film is formed using a CVD 
method, a sputtering method or a vapor deposition method 
and the film is etched to form a circuit pattern. In an 
apparatus for forming the thin or thick film, cleaning is 

15 performed to remove unnecessary deposits accumulated on 

the inner wall of the apparatus, jig and the like, 
because unnecessary deposits cause generation of 
particles and must be removed occasionally to produce a 
good-quality film. 

20 In the etching by the use of FC-14, the etching may 

be performed under various dry etching conditions such as 
plasma etching and microwave etching, and FC-14 may be 
used by mixing it with an inert gas such as He, N 2 and 
Ar, or with a gas such as HC1, 0 2 and H 2 , at an 

2 5 appropriate proportion. 

The present invention is further illustrated below 
by referring to the Examples and Comparative Examples, 
however, the present invention should not be construed as 
being limited to these examples. 

30 Raw Material Example 1 of FC-14 

Carbon was reacted with fluorine gas in the presence 
of a diluting gas, unreacted fluorine gas was removed, 
and the product gas rich in FC-14 was purified by 
fractional distillation according to a conventional 

35 method. Then, the product gas was analyzed by gas 

chromatography, as a result, the obtained FC-14 had the 
composition shown in Table 2 below. 
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Table 2 


Compound Name 

Chemical Formula 

Purity (mass%) 

FC-14 

CF 4 

99 .9688 

Carbon monoxide 

CO 

0.0006 

Carbon dioxide 

C0 2 

0.0056 

Methane 

CH 4 

0.0012 

Ethylene 

CH 2 =CH 2 

0.0112 

Tetraf luoroethylene 

CF 2 =CF 2 

0.0028 

Ethane 

CH3CH3 

0.0098 


Raw Material Example 2 of FC-14 

Dif luoromethane (CH 2 F 2 ) was reacted with fluorine 
.5 gas in the presence of a diluting gas, then the reacted 
gas was introduced into an alkali cleaning tower to 
remove hydrogen fluoride generated and the slight amount 
of unreacted fluorine gas. The product gas rich in FC-14 
was purified by fractional distillation according to a 
10 known method and analyzed by gas chromatography, as a 

result, the obtained FC-14 had the composition shown in 
Table 3 below. 


Table 3 


Compound Name 

Chemical Formula 

Purity (mass%) 

FC-14 

CF 4 

99.9722 

Carbon monoxide 

CO 

0.0005 

Carbon dioxide 

C0 2 

0.0025 

Methane 

CH 4 

0.0004 

Monof luoroethylene 

CH 2 =CHF 

0.0056 

Dif luoroethylene 

CH 2 =CF 2 

0.0038 

Tetraf luoroethylene 

CF 2 =CF 2 

0.0108 

Tr if luoromethane 

CHF 3 

0 .0042 


15 Example 1 

Into a 200 ml stainless steel cylinder, 20 g of 
zeolite (Molecular Sieves 4A, produced by Union Showa 
K.K., average pore size: 3.5 A, Si/Al ratio: 1) was 
filled and vacuum dried, then about 70 g of FC-14 of Raw 
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Material Example 1 was filled while cooling the cylinder, 
and the contents were occasionally stirred while keeping 
the temperature at -20°C. After about 8 hours, the 
liquid phase part was analyzed by gas chromatography. 
5 The analysis results are shown in Table 4 below. 


Table 4 


Compound Name 

Chemical Formula 

Purity (mass%) 

FC-14 

CF 4 

99.9992 

Carbon monoxide 

CO 

<0.0001 

Carbon dioxide 

C0 2 

<0 .0001 

Methane 

CH, 

<0.0001 

Ethylene 

CH 2 =CH 2 

<0.0001 

Tetraf luoroethylene 

CF 2 =CF 2 

0.0003 

Ethane 

CH3CH3 

0.0001 


As is apparent from the results in Table 4, by using 
zeolite having an average pore size of 3.5 A and an Si/Al 
10 ratio of 1 as the adsorbent, the amount of impurities in 

FC-14 can be reduced and the impurity content can be 
reduced to 10 ppm or less. 
Example 2 

Into a 200 ml stainless steel cylinder, 20 g of 
15 zeolite (Molecular Sieves 13X, produced by Union Showa 

K.K., average pore size: 10 A, Si/Al ratio: 1.23) was 
filled and vacuum dried, then about 70 g of FC-14 of Raw 
Material Example 1 was filled while cooling the cylinder, 
and the contents were occasionally stirred at room 
20 temperature (about 18°C) . After about 8 hours, the 

liquid phase part was analyzed by gas chromatography. 
The analysis results are shown in Table 5 below. 
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Compound Name 

Chemical Formula 

Purity (mass%) 

FC-14 

CF 4 

99.9991 

Carbon monoxide 

CO 

<0.0001 

Carbon dioxide 

C0 2 

<0.0001 

Methane 

CH 4 

<0.0001 

Ethylene 

CH 2 =CH 2 

0.0003 

Tetraf luoroethylene 

CF 2 =CF 2 

0.0002 

Ethane 

CH3CH3 

0.0001 


As is apparent from the results in Table 5, by using 
zeolite having an average pore size of 10 A and an Si/Al 
5 ratio of 1.23 as the adsorbent, the amount of impurities 

in FC-14 can be reduced and the impurity content can be 
reduced to 10 ppm or less. 
Example 3 

Into a 200 ml stainless steel cylinder, 20 g of 
10 carbonaceous adsorbent (Molecular Sieving Carbon, 

produced by Takeda Yakuhin Kogyo K.K., average pore size: 
4 A) was filled and vacuum dried, then about 70 g of FC- 
14 of Raw Material Example 2 was filled while cooling the 
cylinder, and the contents were occasionally stirred at 
15 room temperature (about 18°C). After about 8 hours, the 

liquid phase part was analyzed by gas chromatography. 
The analysis results are shown in Table 6 below. 

Table 6 


Compound Name 

Chemical Formula 

Purity (mass%) 

FC-14 

CF 4 

99.9992 

Carbon monoxide 

CO 

0 .0001 

Carbon dioxide 

co 2 

0.0002 

Methane 

CH 4 

0.0001 

Monof luoroethylene 

CH 2 =CHF 

<0.0001 

Dif luoroethylene 

CH 2 =CF 2 

<0.0001 

Tetraf luoroethylene 

CF 2 =CF 2 

<0.0001 

Tr if luor omethane 

CHF 3 

0.0001 
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As is apparent from the results in Table 6, by using 
a carbonaceous adsorbent having an average pore size of 4 
A (Molecular Sieving Carbon) as an adsorbent, the amount 
of impurities in FC-14 can be reduced and the impurity 
5 content can be reduced to 10 ppm or less. 

Example 4 

Into a 200 ml stainless steel cylinder, 15 g of 
zeolite (Molecular Sieves 4A, produced by Union Showa 
K.K., average pore size: 3.5 A, Si/Al ratio: 1) mixed 

10 with 15 g of a carbonaceous adsorbent (Molecular Sieving 
Carbon, produced by Takeda Yakuhin Kogyo K.K. : average 
pore size of 4 A) was filled and vacuum dried, then about 
70 g of FC-14 of Raw Material Example 1 was filled while 
cooling the cylinder, and the contents were occasionally 

15 stirred at room temperature (about 18°C) . After about 8 

hours, the liquid phase part was analyzed by gas 
chromatography. The analysis results are shown in Table 
7 below. 


Table 7 


Compound Name 

Chemical Formula 

Purity (mass%) 

FC-14 

CF« 

99.9994 

Carbon monoxide 

CO 

<0.0001 

Carbon dioxide 

C0 2 

<0.0001 

Methane 

CH 4 

<0.0001 

Ethylene 

CH2—CH2 

<0.0001 

Tetraf luoroethylene 

CF 2 =CF 2 

<0.0001 

Ethane 

CH3CH3 

<0.0001 


To determine the content of trace impurities, 
microanalysis was performed by gas chromatography using 
TCD method, FID method (including precut method) or ECD 
method, or by an analysis instrument such as gas 
25 chromatography mass spectrometer (GC/MS), and from the 

values obtained, the purity was calculated. The results 
are shown in Table 8 . 
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Table 8 


Compound Name 

Chemical Formula 

Purity (mass%) 

FC-14 

CF 4 

99.9998 

Carbon monoxide 

CO 

<0.4 ppm 

Carbon dioxide 

C0 2 

<0.4 ppm 

Methane 

CH 4 

<0.3 ppm 

Ethylene 

CH 2 =CH 2 

<0 . 1 ppm 

Tetraf luoroethylene 

CF 2 =CF 2 

<0.2 ppm 

Ethane 

CH3CH3 

<0 . 2 ppm 


As is apparent from the results in Table 8, the 
purity of the FC-14 obtained is 99.9997 mass% or more. 
Comparative Example 1 

Into a 200 ml stainless steel cylinder, 20 g of 
zeolite (Molecular Sieves XH-9, produced by Union Showa 
K.K., average pore size: 3.2 A, Si/Al ratio: 1) was 
filled and vacuum dried, then about 7 0 g of FC-14 of Raw 
Material Example 1 was filled while cooling the cylinder, 
and the contents were occasionally stirred at room 
temperature (about 18°C) . After about 8 hours, the 
liquid phase part was analyzed by gas chromatography. 
The analysis results are shown in Table 9 below. 

Table 9 


Compound Name 

Chemical Formula 

Purity (mass%) 

FC-14 

CF 4 

99.9698 

Carbon monoxide 

CO 

0.0004 

Carbon dioxide 

co 2 

0.0051 

Methane 

CH 4 

0.0012 

Ethylene 

CH 2 =CH 2 

0.0111 

Tetraf luoroethylene 

CF 2 =CF 2 

0.0027 

Ethane 

CH3CH3 

0.0097 


As is apparent from the results in Table 9, even 
when the Si/Al ratio is 1, if the average pore size of 
zeolite is less than 3.4 A, almost no reduction in 
20 impurities can be verified. 


5 


10 


15 
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Comparative Example 2 

Into a 200 ml stainless steel cylinder, 20 g of 
zeolite (H-ZSM-5 produced by N.E. Chemcat K.K., average 
pore size: 6 A, Si/Al ratio: 75) was filled and vacuum 
5 dried, then about 70 g of FC-14 of Raw Material Example 1 
was filled while cooling the cylinder, and the contents 
were occasionally stirred at room temperature (about 
18°C). After about 8 hours, the liquid phase part was 
analyzed by gas chromatography. The analysis results are 
10 shown in Table 10 below. 


Table 10 


Compound Name 

Chemical Formula 

Purity (mass%) 

FC-14 

CF 4 

99.9733 

Carbon monoxide 

CO 

0.0003 

Carbon dioxide 

co 2 

0.0047 

Methane 

CH< 

0.0009 

Ethylene 

CH2 =S CH2 

0.0098 

Tetraf luoroethylene 

CF 2 =CF 2 

0.0021 

Ethane 

CH 3 CH 3 

0.0089 


As is apparent from the results in Table 10, even 
when the average pore size is 6 A, if the Si/Al ratio of 
15 zeolite exceeds 1.5, almost no reduction of impurities 

can be verified. 

Comparative Example 3 

Into a 200 ml stainless steel cylinder, 20 g of a 
carbonaceous adsorbent (activated carbon, Particulate 

2 0 SHIROSAGI KL, produced by Takeda Yakuhin Kogyo K.K., 

average pore size: 35 A) was filled and vacuum dried, 
then about 70 g of FC-14 of Raw Material Example 2 was 
filled while cooling the cylinder, and the contents were 
occasionally stirred at room temperature (about 18°C) . 

25 After about 8 hours, the liquid phase part was analyzed 

by gas chromatography. The analysis results are shown in 
Table 11 below. 
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Table 11 


Compound Name 

Chemical Formula 

Purity (mass%) 

FC-14 

CF 4 

99.9795 

Carbon monoxide 

CO 

0.0004 

Carbon dioxide 

C0 2 

0.0021 

Methane 

CH 4 

0.0003 

Monof luoroethylene 

CH 2 =CHF 

0.0038 

Dif luoroethylene 

CH 2 =CF 2 

0.0026 

Tetraf luoroethylene 

CF 2 =CF 2 

0.0079 

Tr if luoromethane 

CHF 3 

0.0034 


As is apparent from the results in Table 11, with a 
carbonaceous adsorbent having an average pore size in 
5 excess of 11 A, reduction of impurities cannot be 

verified. 

Industrial Applicability 

According to the present invention, the amount of 
impurities contained in tetraf luoromethane which had been 
10 heretofore very difficult to remove, particularly 

ethylene compounds, hydrocarbon compounds, carbon 
monoxide and/or carbon dioxide can be reduced. The high- 
purity tetraf luoromethane, after purification, can be 
used as an etching gas or a cleaning gas. 
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CLAIMS 

1. A method for the purification of tetraf luoro- 
methane, comprising contacting tetraf luoromethane 
containing one or more ethylene compounds, one or more 

5 hydrocarbon compounds, carbon monoxide and/or carbon 

dioxide as impurities with zeolite having an average pore 
size of 3-4 to 11 .A and an Si/Al ratio of 1.5 or less 
and/or a carbonaceous adsorbent having an average pore 
size of 3.4 to 11 A to reduce the amount of said 
10 impurities. 

2. The method as claimed in claim 1, wherein 
tetraf luoromethane containing said impurities is 
contacted with zeolite and/or the carbonaceous adsorbent 
in a liquid phase. 

15 3. The method as claimed in claim 1 or 2 , wherein 

zeolite is at least one selected from the group 
consisting of MS-4A, MS-5A, MS-10X and MS-13X. 

4. The method as claimed in claim 1 or 2 , wherein 
the carbonaceous adsorbent is Molecular Sieving Carbon 4A 

20 and/or Molecular Sieving Carbon 5A. 

5. The method as claimed in any one of claims 1 to 
4 , wherein the one or more ethylene compounds are 
selected from the group consisting of ethylene, 

f luoroethylene, dif luoroethylene and tetraf luoroethylene . 
25 6. The method as claimed in claim 5, wherein the 

one or more ethylene compounds are ethylene and/or 
tetraf luoroethylene . 

7. The method as claimed in any one of claims 1 to 
4 , wherein the one or more hydrocarbon compounds are 

30 selected from the group consisting of methane, ethane and 
propane . 

8. The method as claimed in claim 7, wherein the 
one or more hydrocarbon compounds are methane and/or 
ethane . 

35 9. The method as claimed in any one of claims 1 to 

8, wherein the total content of the one or more ethylene 
compounds, the one or more hydrocarbon compounds, carbon 
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monoxide and carbon dioxide contained in the 
tetraf luoromethane is reduced to 3 ppm or less. 

10. The method as claimed in any one of claims 1 to 
9, wherein the tetraf luoromethane containing one or more 

5 ethylene compounds, one or more hydrocarbon compounds/ 
carbon monoxide and/or carbon dioxide as impurities is 
produced by a direct • fluorination method of reacting 
trif luoromethane with fluorine gas. 

11. The method as claimed in any one of claims 1 to 
10 9, wherein the tetraf luoromethane containing one or more 

ethylene compounds, one or more hydrocarbon compounds, 
carbon monoxide and/or carbon dioxide as impurities is 
produced by a direct fluorination method of reacting 
carbon with fluorine gas. 
15 12. A tetraf luoromethane product having a purity of 

99.9 997 mass% or more, which is obtained by performing 
the purification according to the method described in any 
one of claims 1 to 11. 

13. An etching gas comprising the 

20 tetraf luoromethane product described in claim 12. 

14. A cleaning gas comprising the 

tetraf luoromethane product described in claim 12. 


BNSDOCID: <WO. 


0183412A2_I_> 


(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
8 November 2001 (08.11.2001) 



PCT 


(10) International Publication Number 

WO 01/83412 A3 


(51) International Patent Classification 7 : 
17/10, 17/007, 19/08 


C07C 17/389, 


PCT/JP0 1/03664 


(21) International Application Number: 

(22) International Filing Date: 26 April 2001 (26.04.2001) 


(25) Filing Language: 

(26) Publication Language: 


English 
English 


(30) Priority Data: 

2000-128681 
60/230,704 


28 April 2000 (28.04.2000) JP 
7 September 2000 (07.09.2000) US 


(71) Applicant (for all designated States except US): SHOWA 
DENKO K. K. [JP/JP]; 1 3-9, Shiba Daimon 1-chome, Mi- 
nato-ku, Tokyo 105-8518 (JP). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): OHNO, Hiro- 
moto [JP/JP]; C/O Kawasaki Plant, Shoma Denko K.K., 
5-1, Ogimachi, Kawasaki -ku, Kawasaki-shi, Kanagawa 
210-0867 (JP). OHI, Toshio [JP/JP]; C/O Kawasaki 
Plant, Showa Denko K.K., 5-1, Ogimachi, Kawasaki -ku, 
Kawasaki-shi, Kanagawa 210-0867 (JP). 


(81) Designated States (national)'. AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, 
HR, HU, ID, IL, IN. IS, KE, KG, KR, KZ, LC, LK, LR, LS, 
LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO, 
NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, 
TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

(88) Date of publication of the international search report: 

25 April 2002 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 


(74) Agents: ISHIDA, Takashi et al.; A. Aoki, Ishida & 
Associates, Toranomon 37 Mori Bldg., 5-1, Toranomon 
3-chome, Minato-ku, Tokyo 105-8423 (JP). 


3 

TT 

m — — 

9® (54) Title: METHOD FOR PURIFICATION OF TETRAFLUOROMETH ANE AND USE THEREOF 
¥-H 

(57) Abstract: Tetrafluoromethane containing ethylene compounds, hydrocarbon compounds, carbon monoxide and/or carbon diox- 
Q ide is contacted with zeolite having an average pore size of 3.4 to 1 1 A and an Si/Al ratio of 1 .5 or less and/or a carbonaceous adsorbent 

having an average pore size of 3.4 to 1 1 A. Thus, high-purity tetrafluoromethane can be obtained which is advantageous in industry 
^ and provides good profitability. 


BNSDOCID: <WO 0183412A3_I_> 


,M TERNATIONAL SEARCH REPORT 


I iaUonal Application No 

PCT/JP 01/03664 


A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 C07C17/389 C07C17/10 C07C17/007 C07C19/08 


According to International Patent Classification (IPC) or to both national classification and IPC 


B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 C07C 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 

PAJ, EPO-Internal, WPI Data 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category • Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to daim No. 


PATENT ABSTRACTS OF JAPAN 

vol. 1996, no. 07, 

31 July 1996 (1996-07-31) 

& JP 08 081399 A (SH0WA DENK0 KK), 

26 March 1996 (1996-03-26) 

cited in the application 

abstract 

US 5 417 742 A (GALICA THEODORE R ET AL) 
23 May 1995 (1995-05-23) 
column 3, line 13 -column 4, line 9; 
claims 1-3 

US 3 026 359 A (MASTRANGEL0 SEBASTIAN V R 
ET AL) 20 March 1962 (1962-03-20) 
claims 1,8 


1-4,13, 
14 


1-4,13, 
14 


□ 


Further documents are listed in the continuation of box C. 


Patent family members are listed in annex. 


° Special categories of cited documents : 

*A' document defining the general state of the art which is not 
considered to be of particular relevance 

*E* earlier document but published on or after the international 
filing date 

*L* document which may throw doubts on priority daim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O* document referring to an oral disclosure, use. exhibition or 
other means 

•P* document published prior to the international fifing date but 
later than the priority date claimed 


'V later document published after the international filing dale 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X 1 document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

'V* document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

'&* document member of the same patent family 


Oate of the actual completion of the international search 


19 February 2002 


Date of mailing of the international search report 


26/02/2002 


Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Riiswijk 
TeL (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax (+31-70) 340-3016 


Authorized officer 


Bonnevalle, E 


form FCT/lSA/210 (second sheet) (July 1992) 
BNSDOCIO: <WO 01S3412A3 I > 


"TERNATIONAL SEARCH REPORT 

Information on patent family members 


i national Application No 

PCT/JP 01/03664 


Patent document 
cited in search report 

Publication 
date 

Patent family 
member(s) 

Publication 
date 

JP 08081399 

A 

26-03-1996 

JP 

2924660 B2 

26-07-1999 

US 5417742 

A 

23-05-1995 

NONE 



US 3026359 

A 

20-03-1962 

NONE 




Form PCT/1SA/210 (patent family annex) (July 1992) 
BNSDOClD:<WO 0183412A3_I_> 


